RADIOGRAPHIC APPARATUS 

BACKGROUND OF THE INVENTION 

(1) Field of the Invention 

5 This invention relates to a radiographic apparatus 

for medical or industrial use, for obtaining radiographic 
images based on radiation detection signals fetched at prede- 
termined sampling time intervals by a signal sampling 
device from a radiation detecting device as radiation is emit- 
10 ted from a radiation emitting device. More particularly, the 
invention relates to a technique for fully eliminating time 
lags, due to the radiation detecting device, of the radiation 
detection signals taken from the radiation detecting device. 

(2) Description of the Related Art 

15 In a medical fluoroscopic apparatus which is a typical 

example of radiographic apparatus, a flat panel X-ray detec- 
tor (hereinafter called "FPD" as appropriate) has recently 
been used as an X-ray detecting device for detecting X-ray 
penetration images of a patient resulting from X-ray emis- 

20 sion from an X-ray tube. The FPD includes numerous 

semiconductor or other X-ray detecting elements arranged 
longitudinally and transversely on an X-ray detecting 
surface. 

That is, the fluoroscopic apparatus is constructed to 
25 obtain an X-ray image corresponding to an X-ray penetration 



image of a patient for every period between sampling inter- 
vals, based on X-ray detection signals for one X-ray image 
taken at sampling time intervals from the FPD as the 
patient is irradiated with X rays from the X-ray tube. The 
5 use of the FPD is advantageous in terms of apparatus 

construction and image processing since the FPD is lighter 
and less prone to complicated detecting distortions than the 
image intensifier used heretofore. 

However, the FPD has a drawback of causing time 

10 lags whose adverse influence appears in X-ray images. 

Specifically, when X-ray detection signals are taken from the 
FPD at short sampling time intervals, the remainder of a 
signal not picked up adds to a next X-ray detection signal as 
a lag-behind part. Thus, where X-ray detection signals for 

15 one image are taken from the FPD at 30 sampling intervals 
per second to create X-ray images for dynamic display, the 
lag-behind part appears as an after-image on a preceding 
screen to produce a double image. This results in an 
inconvenience such as blurring of dynamic images. 

20 U.S. Patent No. 5,249,123 discloses a proposal to 

solve the problem of the time lag caused by the FPD in 
acquiring computer tomographic images (CT images). This 
proposed technique employs a computation for eliminating a 
lag-behind part from each of radiation detection signals 

25 taken from an FPD at sampling time intervals At. 



That is, in the above U.S. patent, a lag-behind part 
included in each of the radiation detection signals taken at 
the sampling time intervals is assumed due to an impulse 
response formed of a plurality of exponential functions, and 
5 the following equation is used to derive radiation detection 
signal Xk with a lag-behind part removed from radiation 
detection signal yk: 

x k = [yk - 2n=i N {a n • [l-exp(T n )] • exp(T a ) • Snk}] 

/2n=l N Pn 

10 in which T n = -At/x n , Snk = Xk_i+ exp(Tn) • S n (k_i), 

and (3 n = a n * [l-exp(Tn), 
where At: sampling intervals; 

k: subscript representing a k-th point of time in a 
sampling time series; 
15 N: the number of exponential functions with different 

time constants forming the impulse response; 

n: subscript representing one of the exponential func- 
tions forming the impulse response; 

a n : intensity of exponential function n; and 
20 Tn: attenuation time constant of exponential function 

n. 

Inventors herein have tried the computation tech- 
nique proposed in the above U.S. patent. However, the only 
result obtained is that the above technique cannot avoid 
25 artifacts due to the time lag and satisfactory X-ray images 
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cannot be obtained. That is, it has been confirmed that the 
time lag of the FPD is not eliminated (see U.S. Patent No. 
5,249,123). 

Further, U.S. Patent No. 5,517,544 discloses a differ- 
5 ent proposal to solve the problem of the time lag caused by 
the FPD in acquiring CT images. This technique assumes a 
time lag of the FPD to be approximated by one exponential 
function, and removes a lag-behind part from a radiation 
detection signal by computation. Inventors herein have 

10 carefully reviewed the computation technique proposed in 
this U.S. patent. It has been found, however, that it is 
impossible for one exponential function to approximate the 
time lag of the FPD, and the time lag of the FPD is not elimi- 
nated by this technique, either (see U.S. Patent No. 

15 5,517,544). 

SUMMARY OF THE INVENTION 

This invention has been made having regard to the 
state of the art noted above, and its object is to provide a 
20 radiographic apparatus for fully eliminating time lags, due 
to a radiation detecting device, of radiation detection signals 
taken from the radiation detecting device. 

The above object is fulfilled, according to this inven- 
tion, by a radiographic apparatus for obtaining radiographic 
25 images, comprising: 
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a radiation emitting device for emitting radiation 
toward an object under examination; 

a signal sampling device for taking radiation detec- 
tion signals from a radiation detecting device at predeter- 
5 mined sampling time intervals; and 

a time lag removing device for obtaining lag-free 
radiation detection signals by removing the lag-free radia- 
tion detection signals from the respective radiation detection 
signals by a recursive computation, on an assumption that a 

10 lag-behind part included in each of the radiation detection 
signals taken by the signal sampling device at the predeter- 
mined sampling time intervals is due to an impulse response 
formed of one exponential function or a plurality of exponen- 
tial functions with different attenuation time constants; 

15 the radiographic images being derived from the 

lag-free radiation detection signals obtained by the time lag 
removing device. 

According to this invention, radiation detection 
signals are outputted from the radiation detecting device at 

20 predetermined sampling time intervals as radiation is emit- 
ted from the radiation emitting device to an object under 
examination. The time lag removing device carries out a 
recursive computation, on-time (in real time) or off-time (in 
non-real time), on an assumption that a lag-behind part 

25 included in each of the radiation detection signals is due to 
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an impulse response formed of one exponential function or a 
plurality of exponential functions with different attenuation 
time constants. That is, a lag-free radiation detection 
signal is obtained by removing a lag-behind part from each 
5 radiation detection signal. From such lag-free radiation 
detection signals with the lag-behind parts fully removed, 
clear radiographic images may be obtained without a double 
image and blurring due to an after effect of a preceding 
image. 

10 In particular, the lag-free radiation detection signals 

are obtained with the lag-behind parts more completed 
removed when the recursive computation is carried out on 
the assumption that a lag-behind part included in each 
radiation detection signal is due to an impulse response 

15 formed of a plurality of exponential functions with different 
attenuation time constants, than when the recursive 
computation is carried out on the assumption that a 
lag-behind part included in each radiation detection signal is 
due to an impulse response formed of one exponential func- 

20 tion. 

In this invention, the time lag removing device, 
preferably, is arranged to perform the recursive computation 
for removing the lag-behind part from each of the radiation 
detection signals, based on the following equations A-C: 

25 Xk = Yk - 2n=l N {0Cn ' [l-exp(Tn)] « eX P (Tn) • Snk} ... A 



T n = - 



At/Tn 



B 



Snk = Xk_l + exp(T n ) • Sn(k-1) 

where 



C 



5 



At: the sampling time interval; 

k: a subscript representing a k-th point of time in a 



sampling time series; 

Yk: an X-ray detection signal taken at the k-th sam- 
pling time; 

Xk: a lag-free X-ray detection signal with a lag-behind 
10 part removed from the signal Yk; 



15 time constants forming the impulse response; 

n: a subscript representing one of the exponential 
functions forming the impulse response; 

ct n : an intensity of exponential function n; and 

x n : an attenuation time constant of exponential func- 

20 tion n. 

With this construction, the lag-free X-ray detection 
signal Xk may be derived promptly from equations A-C 
constituting a compact recurrence formula. That is, when, 
as shown in Fig. 8, a fixed quantity of radiation impinges on 
25 the radiation detecting device during a period tO-tl, the 



Xk i: a signal Xk taken at a preceding point of time; 
S n (k-i): an S n at a preceding point of time; 
exp: an exponential function; 

N: the number of exponential functions with different 
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radiation detection signal will have a fixed value as indi- 
cated in an alternate long and short dash line in Fig. 9 if the 
radiation detecting device causes no time lag. 

In practice, however, a time lag is caused by the 
5 radiation detecting device to add a lag-behind part as shown 
in oblique hatches in Fig. 9. This results in the radiation 
detection signal Yk shown in a solid line in Fig. 9. In this 
invention, the second term in equation A "2n=i N {a n • 
[l-exp(T n )] • exp(T n ) • Snk}" corresponds to the lag-behind 

10 part shown in the oblique hatches in Fig. 9. This 

lag-behind part is taken away from the radiation detection 
signal Yk. Consequently, the lag-free radiation detection 
signal Xk no longer has the lag-behind part shown in the 
alternate long and short dash line in Fig. 9. 

15 A review made by Inventors herein shows that the 

equation proposed in U.S. Patent No. 5,249,123 merely 
provides a lag-behind part of a radiation detection signal 
shown in a solid line in Fig. 1. It has been confirmed that 
this U.S. patent cannot obtain the radiation detection signal 

20 without the lag-behind part shown in the alternate long and 
short dash line in Fig. 9. 

It is preferred, according to this invention, that the 
signal sampling device is arranged to start taking the radia- 
tion detection signals at the sampling time intervals before 

25 emission of the radiation, and the time lag removing device 
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is arranged to obtain the lag-free radiation detection signals 
by using the radiation detection signals taken before emis- 
sion of the radiation. 

With this construction, the time lag removing device 
5 can obtain lag-free radiation detection signals by using the 
radiation detection signals taken by the signal sampling 
device before emission of the radiation. Consequently, 
lag-free X-ray detection signals may properly be obtained 
immediately upon emission of the radiation by removing the 

10 lag-behind parts included in the radiation detection signals. 

Preferably, the signal sampling device is arranged to 
take the radiation detection signals for one radiographic 
image continually at each period between the sampling time- 
intervals, and the time lag removing device is arranged to 

15 obtain, continually at each period between the sampling 

time intervals, the lag-free radiation detection signals corre- 
sponding to the radiation detection signals for the one radio- 
graphic image, the radiographic images being obtained 
continually at the sampling time intervals from the lag-free 

20 radiation detection signals for dynamic display. 

With this construction, each radiographic image is 
free from a time lag, which enables a clear dynamic display 
without blurring by an after-effect of a preceding image. 

It is still more desirable that a computation of the 

25 lag-free radiation detection signals and an acquisition and 
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dynamic image display of the radiographic images are 
performed in real time. 

This construction allows a dynamic display of radio- 
graphic images to be made in real time. 
5 According to this invention, the radiation detecting 

device may be a flat panel X-ray detector having numerous 
radiation detecting elements formed of a semiconductor and 
arranged longitudinally and transversely on a radiation 
detecting surface. 
10 Where a flat panel X-ray detector is used, the time 

lag removing device eliminates the time lags of the radiation 
detecting signals caused by the flat panel X-ray detector. It 
is also possible to remove complicated detecting distortions 
from output images. 

15 

BRIEF DESCRIPTION OF THE DRAWINGS 

For the purpose of illustrating the invention, there 
are shown in the drawings several forms which are presently 
preferred, it being understood, however, that the invention is 
20 not limited to the precise arrangement and instrumentalities 
shown. 

Fig. 1 is a view showing a result of a time lag 
removal from a radiation detection signal by a conventional 
technique: 

25 Fig. 2 is a block diagram showing an overall 
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construction of a fluoroscopic apparatus in a first embodi- 
ment of the invention; 

Fig. 3 is a plane view of an FPD used in the first 
embodiment; 

5 Fig. 4 is a schematic view showing a state of sam- 

pling X-ray detection signals during X-ray radiography in 
the first embodiment; 

Fig. 5 is a flow chart showing a procedure of X-ray 
radiography in the first embodiment; 
10 Fig. 6 is a flow chart showing a recursive computa- 

tion process for time lag removal in the first embodiment; 

Fig. 7 is a flow chart showing a procedure of X-ray 
radiography in a second embodiment; 

Fig. 8 is a view showing a state of radiation incidence 
15 on an X-ray detecting device; and 

Fig. 9 is a view showing a time lag of a radiation 
detection signal. 

DESCRIPTION OF THE PREFERRED EMBODIMENTS 
20 Preferred embodiments of this invention will be 

described in detail hereinafter with reference to the draw- 
ings. 

<First Embodiment 

Fig. 2 is a block diagram showing an overall 
25 construction of a fluoroscopic apparatus in a first embodi- 
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ment. 

As shown in Fig. 2, the fluoroscopic apparatus 
includes an X-ray tube (radiation emitting device) 1 for emit- 
ting X rays toward a patient M, an FPD (radiation detecting 
5 device) 2 for detecting X rays transmitted through the 
patient M, an analog- to-digital converter (signal sampling 
device) 3 for digitizing X-ray detection signals (radiation 
detection signals) taken from the FPD (flat panel X-ray 
detector) 2 at predetermined sampling time intervals At, a 

10 detection signal processor 4 for creating X-ray images based 
on X-ray detection signals outputted from the ana- 
log-to-digital converter 3, and an image monitor 5 for 
displaying the X-ray images created by the detection signal 
processor 4. That is, the apparatus is constructed to 

15 acquire X-ray images from the X-ray detection signals taken 
from the FPD 2 by the analog-to-digital converter 3 as the 
patient M is irradiated with X rays, and display the acquired 
X-ray images on the screen of the image monitor 5. Each 
component of the apparatus in the first embodiment will 

20 particularly be described hereinafter. 

The X-ray tube 1 and FPD 2 are opposed to each 
other across the patient M. In time of X-ray radiography, 
the X-ray tube 1 is controlled by an X-ray emission controller 
6 to emit X rays in the form of a cone beam to the patient M. 

25 At the same time, penetration X-ray images of the patient M 



- 12 - 



produced by the X-ray emission are projected to an X-ray 
detecting surface of FPD 2. 

The X-ray tube 1 and FPD 2 are movable back and 
forth along the patient M by an X-ray tube moving mecha- 
5 nism 7 and an X-ray detector moving mechanism 8, respec- 
tively. In moving the X-ray tube 1 and FPD 2, the X-ray 
tube moving mechanism 7 and X-ray detector moving 
mechanism 8 are controlled by an irradiating and detecting 
system movement controller 9 to move the X-ray tube 1 and 

10 FPD 2 together as opposed to each other, with the center of 
emission of X rays constantly in agreement with the center 
of the X-ray detecting surface of FPD 2. Of course, move- 
ment of the X-ray tube 1 and FPD 2 results in variations in 
the position of the patient M irradiated with X rays, hence 

15 movement of a radiographed site. 

As shown in Fig. 3, the FPD 2 has numerous X-ray 
detecting elements 2a arranged longitudinally and trans- 
versely along the direction X of the body axis of patient M 
and the direction Y perpendicular to the body axis, on the 

20 X-ray detecting surface to which penetration X-ray images 
from the patient M are projected. For example, X-ray 
detecting elements 2a are arranged to form a matrix of 1024 
by 1024 on the X-ray detecting surface about 30cm long and 
30cm wide. Each X-ray detecting element 2a of FPD 2 

25 corresponds to one pixel in an X-ray image created by the 
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detection signal processor 4. Based on the X-ray detection 
signals taken from the FPD 2, the detection signal processor 
4 creates an X-ray image corresponding to a penetration 
X-ray image projected to the X-ray detecting surface. 
5 The analog-to-digital converter 3 continually takes 

X-ray detection signals for each X-ray image at sampling 
time intervals At, and stores the X-ray detection signals for 
X-ray image creation in a memory 10 disposed downstream 
of the converter 3. An operation for sampling (extracting) 

10 the X-ray detection signals is started before X-ray irradia- 
tion (in an offset state). 

That is, as shown in Fig. 4, all X-ray detection 
signals for a penetration X-ray image are collected at each 
period between the sampling intervals At, and are succes- 

15 sively stored in the memory 10. The sampling of X-ray 

detection signals by the analog-to-digital converter 3 may be 
started before an emission of X rays manually by the opera- 
tor or automatically as interlocked with a command for 
X-ray emission. 

20 As shown in Fig. 2, the fluoroscopic apparatus in the 

first embodiment includes a time lag remover 11 for obtain- 
ing lag-free radiation detection signals. A lag-free radiation 
detection signal is removed from each radiation detection 
signal by a recursive computation based on an assumption 

25 that a lag-behind part included in each of the X-ray detec- 
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tion signals taken at the sampling time intervals from the 
FPD 2 is due to an impulse response formed of a plurality of 
exponential functions with different attenuation time con- 
stants. 

5 The FPD 2 has part of an X-ray detection signal left 

unfetched as shown in a solid line in Fig. 9, and this part 
remains as a lag-behind part (hatched part) after the signal 
is taken away. The time lag remover 11 removes this 
lag-behind part to produce a lag-free X-ray detection signal. 
10 Based on such lag-free X-ray detection signals, the detection 
signal processor 4 creates an X-ray image corresponding to a 
penetration X-ray image to be projected to the X-ray detect- 
ing surface. 

Specifically, the time lag remover 11 performs a 
15 recursive computation processing for removing a lag-behind 
part from each X-ray detection signal by using the following 
equations A-C: 

X k = Y k - 2n=i N{ an • [l-exp(Tn)] • exp(Tn) • Snk} ... A 

Tn = -At/Tn ... B 

20 Snk = Xk-1 + eXp(Tn) • Sn(k-1) . . . C 

where At is the sampling time interval; k is a sub- 
script representing a k-th point of time in a sampling time 
series; Yk is an X-ray detection signal taken at the k-th sam- 
pling time; Xk is a lag-free X-ray detection signal with a 
25 lag-behind part removed from the signal Yk; Xk-i is a signal 
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Xk taken at a preceding point of time; S n (k-i) is an S n at a 
preceding point of time; exp is an exponential function; N is 
the number of exponential functions with different time con- 
stants forming the impulse response; n is a subscript repre- 
5 senting one of the exponential functions forming the impulse 
response; a n is an intensity of exponential function n; and x n 
is an attenuation time constant of exponential function n. 

That is, the second term in equation A M 2) n =i N {a n 
• [l-exp(T n )] • exp(Tn) # S n k} !f corresponds to the lag-behind 

10 part. Thus, the apparatus in the first embodiment derives 
the lag-free X-ray detection signal Xk promptly from 
equations A-C constituting a compact recurrence formula. 

In the first embodiment, the analog-to-digital con- 
verter 3, detection signal processor 4, X-ray emission control- 

15 ler 6, irradiating and detecting system movement controller 
9 and time lag remover 11 are operable on instructions and 
data inputted from an operating unit 12 or on various com- 
mands outputted from a main controller 13 with progress of 
X-ray radiography. 

20 Next, an operation for performing X-ray radiography 

with the apparatus in the first embodiment will particularly 
be described with reference to the drawings. 

Fig. 5 is a flow chart showing a procedure of X-ray 
radiography in the first embodiment. 

25 [Step Si] The analog- to-digital converter 3 starts 
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taking X-ray detection signals Yk for one X-ray image from 
the FPD 2 at each period between the sampling time inter- 
vals At (=1/30 second) before X-ray emission (in an offset 
state). The X-ray detection signals taken are stored in the 
5 memory 10. 

[Step S2] In parallel with a continuous or intermit- 
tent X-ray emission to the patient M initiated by the opera- 
tor, the analog-to-digital converter 3 continues taking X-ray 
detection signals Yk for one X-ray image at each period 

10 between the sampling time intervals At and storing the 
signals in the memory 10. 

[Step S3] When the X-ray emission is completed, 
the operation proceeds to step S4. When the X-ray emission 
is uncompleted, the operation returns to step S2. 

15 [Step S4] X-ray detection signals Yk for one X-ray 

image collected in one sampling sequence are read from the 
memory 10. 

[Step S5] The time lag remover 11 performs the 
recursive computation based on the equations A-C, and 
20 derives lag-free X-ray detection signals Xk, i.e. pixel values, 
with lag-behind parts removed from the respective X-ray 
detection signals Yk. 

[Step S6] The detection signal processor 4 creates 
an X-ray image based on the lag-free X-ray detection signals 
25 Xk for one sampling sequence (for one X-ray image). 
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[Step S7] The X-ray image created is displayed on 
the image monitor 5. 

[Step S8] When unprocessed X-ray detection signals 
Yk remain in the memory 10, the operation returns to step 
5 S4. When no unprocessed X-ray detection signals Yk 
remain, the X-ray radiography is ended. 

In the first embodiment, the time lag remover 11 
computes the lag-free X-ray detection signals Xk correspond- 
ing to the X-ray detection signals Yk for one X-ray image, 
10 and the detection signal processor 4 creates an X-ray image, 
both at each period between the sampling time intervals At 
(= 1/30 second). That is, the apparatus is constructed also 
for creating X-ray images one after another at a rate of about 
30 images per second, and displaying the created X-ray 
15 images continuously. It is thus possible to perform a 
dynamic display of X-ray images. 

Since each X-ray image has lag-behind parts 
removed therefrom, the apparatus in this embodiment is 
capable of a clear dynamic image display free from double 
20 images due to an aftereffect of preceding images even when 
a radiographed site moves during a radiographic operation. 

Next, the process of recursive computation carried 
out in the above step S5 by the time lag remover 11 will 
particularly be described. Fig. 6 is a flow chart showing a 
25 recursive computation process for time lag removal in the 
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first embodiment 

[Step Ql] A setting k=0 is made, and Xo=0 in equa- 
tion A and S n o= 0 in equation C are set as initial values 
before X-ray emission. Where the number of exponential 
5 functions is three (N= 3), Sio, S20 and S30 are all set to 0. 

[Step Q2] In equations A and C, k=l is set. S11, S21 
and S31 are derived from equation C, i.e. S n i=Xo+exp(T n ) S n o. 
Further, lag-free X-ray detection signal Xi is obtained by 
substituting Sn, S21 and S31 derived and X-ray detection 
10 signal Yi into equation A. 

[Step Q3] After incrementing k by 1 (k = k + 1) in 
equations A and C, Slk, S2k and S3k are obtained by substi- 
tuting Xk-i of a preceding time into equation C. Further, 
lag-free X-ray detection signal Xk is obtained by substituting 
15 Sik, S2k and S3k derived and X-ray detection signal Yk into 
equation A. 

[Step Q4] When there remain unprocessed X-ray 
detection signals Yk, the operation returns to step Q3. 
When no unprocessed X-ray detection signals Yk remain, the 
20 operation proceeds to step Q5. 

[Step Q5] Lag-free X-ray detection signals Xk for 
one sampling sequence (for one X-ray image) are obtained to 
complete the recursive computation for the one sampling 
sequence. 

25 According to the fluoroscopic apparatus in the first 
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embodiment, as described above, when the time lag remover 
11 obtains a lag-free X-ray detection signal by removing a 
lag-behind part from each X-ray detection signal by the 
recursive computation, an assumption is made that the 
5 lag-behind part included in each X-ray detection signal is 
due to an impulse response formed of a plurality of exponen- 
tial functions with different attenuation time constants. 
Thus, the lag-free X-ray detection signal obtained has the 
lag-behind part fully removed, compared with the case of 

10 assuming that the lag-behind part is due to an impulse 
response formed of a single exponential function. 

In the first embodiment, the time lag remover 11 
may obtain lag-free X-ray detection signals by using X-ray 
detection signals taken by the analog-to- digital converter 3 

15 before X-ray emission (in an offset state). Consequently, in 
time of the X-ray emission, lag-free X-ray detection signals 
may properly be obtained immediately upon X-ray emission 
by removing lag-behind parts included in the X-ray detection 
signals. 

20 <Second Embodiment> 

In the second embodiment, the time lag remover 11 
computes the lag-free X-ray detection signals Xk correspond- 
ing to the X-ray detection signals Yk for one X-ray image, 
and the detection signal processor 4 creates X-ray images, 

25 both at each period between the sampling time intervals At 
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(=1/30 second). 

This embodiment has the same construction and 
function as the first embodiment except that the apparatus 
is constructed for creating X-ray images one after another in 
5 real time at a rate of about 30 images per second, and 
displaying the created X-ray images continuously in real 
time. The features common to the first embodiment will 
not be described, and description will be made on what is 
different from the first embodiment. 

10 An operation for performing X-ray radiography with 

the apparatus in the second embodiment will be described 
with reference to the drawings. 

Fig. 7 is a flow chart showing a procedure of X-ray 
radiography in the second embodiment. 

15 [Step Rl] The analog-to-digital converter 3 starts 

taking X-ray detection signals Yk for one X-ray image from 
the FPD 2 at each period between the sampling time inter- 
vals At (= 1/30 second) before X-ray emission (in an offset 
state). The X-ray detection signals taken are stored in the 

20 memory 10. 

[Step R2] In parallel with a continuous or intermit- 
tent X-ray emission to the patient M initiated by the opera- 
tor, the analog-to-digital converter 3 continues taking X-ray 
detection signals Yk for one X-ray image at each period 

25 between the sampling time intervals At and storing the 
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signals in the memory 10. 

[Step R3] X-ray detection signals Yk for one X-ray 
image collected in one sampling sequence are read from the 
memory 10. 

5 [Step R4] The time lag remover 11 performs the 

recursive computation based on the equations A-C, and 
derives lag-free X-ray detection signals Xk, i.e. pixel values, 
with lag-behind parts removed from the respective X-ray 
detection signals Yk. 

10 [Step R5] The detection signal processor 4 creates 

an X-ray image based on the lag-free X-ray detection signals 
Xk for one sampling sequence (for one X-ray image). 

[Step R6] The X-ray image created is immediately 
displayed on the image monitor 5. 

15 [Step R7] When the X-ray emission is uncompleted, 

the operation returns to step R2. When the X-ray emission 
is completed, the X-ray radiography is terminated. 

According to the second embodiment, as described 
above, X-ray images are created and displayed in real time 

20 at the sampling time intervals At (=1/30 second), i.e. at the 
rate of about 30 images per second. It is thus possible to 
perform a dynamic display of X-ray images in real time. 

This invention is not limited to the foregoing embodi- 
ments, but may be modified as follows: 

25 (1) The first and second embodiments described 



- 22 - 



above employ an FPD as the radiation detecting device. 
This invention is applicable also to an apparatus having a 
radiation detecting device other than an FPD that causes 
time lags of X-ray detection signals. 
5 (2) The apparatus in the first embodiment 

described above may be constructed to allow a selection for 
causing the time lag remover 11 to compute lag-free X-ray 
detection signals Xk, and for the detection signal processor 4 
to create X-ray images, both in real time, as in the second 

10 embodiment. 

(3) While the apparatus in the first and second 
embodiments are fluoroscopic apparatus, this invention is 
applicable also to an apparatus other than the fluoroscopic 
apparatus, such as an X-ray CT apparatus. 

15 (4) The apparatus in the first and second embodi- 

ments are designed for medical use. This invention is 
applicable not only to such medical apparatus but also to an 
apparatus for industrial use such as a nondestructive 
inspecting apparatus. 

20 (5) The apparatus in the first and second embodi- 

ments use X rays as radiation. This invention is applicable 
also to an apparatus using radiation other than X rays. 

This invention may be embodied in other specific 
forms without departing from the spirit or essential attrib- 

25 utes thereof and, accordingly, reference should be made to 
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the appended claims, rather than to the foregoing specifica- 
tion, as indicating the scope of the invention. 
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